Educational Product

National Aeronautics and

Educators | Grades 5-8

Space Administration
EG-2003-07-001-ARC

Exploring Aeronautics:
The Science of Flight Educator Guide

An Educator Guide with Activities in Aeronautics

L}
83 oongoat®

D
& Bz o g B0

Part 1

aero-nau-tics \-iks\ n pl but sing in constr 1:a science of dealing with the
operation of aircraft 2:the art or science of flight



Exploring Aeronautics: The Science of Flight

Educator Guide is available in electronic format
through NASA Spacelink--one of NASA's
electronic resources specifically developed for the
educational community.

This publication and other educational products
may be accessed at the following address:

http://spacelink.nasa.gov/products



Exploring Aeronautics:
The Science of Flight Educator Guide

Part |
of the Three-Part Series

National Aeronautics and Space Administration
Office of Education

This publication is in the Public Domain and is not protected by copyright. Permission is not required for duplication.

The listing of proprietary names in this guide is not an endorsement of the products. The brand names/Web sites listed are suggestions only.



Table of Contents

Section 1 Introduction

PedagogiCal BasSIS...........ccoiiiiiii et 12
PrOQIAM GOAIS.........ocvveriiciiesissssssesisssss sttt 12
GOQIS ANT ODJECLIVES. ... .eeiuieie ittt sttt sttt st sb e e st e e st e e ssbe e e ssbe e e anbeeesnneeesnbeeeanreeens 13
Correlation to National Science Education Standards.............c.ooieereerieeneeniesiee e 16
(00101 (=01 41U g PP 19
Aeronautics Interdisciplinary PlanningVWeD............cooiiiiiiiiii e 20
Aeronautics Multiple Intelligences PlanningWeb............cooiiiii e 21
Multiple Intelligences Culminating ACTIVITIES. ........cuuiieiiiiiee e 22
Aeronautics Thematic and Topical QUESTIONSWWED..........cooiiiiiiiii e 23
USING TRE UNIT......eee e 24
Suggested Daily LESSON PIANNET..........ccoirrinsissssssisssssssesssssssssssssssssssssssssssssssssassssssssssssssssssasssssssssses 24
OPBNING SEL....ovririiiierie ittt 32
THE Big EVENT: AIN SNOW........cuiiiiiiie e 33
ASSESSIMEBINT. ...t 40
INEFOTUCTION. ...t 40
INErOAUCTOIY ASSESSIMENTS. ....coivreiriieisieies sttt 41
Know-Want to Know-Learned-Proof Of LEArNING..........cccerinrnnnsininsssssssssesssssesssssnsens 41
BraiNSTOIMING.....c..ciiiiieicicecs ettt 44
Pre-Test: EXPlOFING ABIONAULICS. ..........ovuririerissssssssisesssssesssssssssssssssssssssssssssesssssssesssssssssssesssesssesees 45
Pre-Test: EXploring AEroNautiCs - ANSWET KEY.........c.ovrriririnrissssnsssssssssssssssssssssssssessssssssssnees 49
POSt-TeSt: EXPlOFING ACTONAULICS.........cc.erirrrierinrisssssssessssssssssssssssssssesssesssesssssssssssssssssssssssssssssnssns 53
Post-Test: EXplOring AEronautics - ANSWET KEY..........ocurrrrrrrrersrsssssssssssssssssssssssssssssssssssesssssssnsens 57
EMDEAUEA ASSESSIMENTS. ... 61
INAEPENAENT EXPEIIMENTS......oviviriieiirieeissiesiesses sttt snssssas 61
EXPEFIMENT RUDKIC. ... 62
CONCEPE MAPS. ... bbb bbbttt bbbt 63
Pictorial and Drawing ASSESSIMENTS..........currrrrrrrrerrsnssnssesssssssesssssessessssssesssesssssesssssesssasssesses 69

Wil TRIS AIFPIANE FIY......voceeiceeessee sttt 70
WIlITRIS AIFPIANE FIY? = KBY......oorvireiriisiicisssisss s ssssssssssss s ssesssssssesssesssesssessssssasssenssasssnes 71

HOW aWING GENEIALES Lift.......c.covverierieriisseiesssissss sttt ssssssssesssssssssasssesens 72

HOW aWiNg GENErates Lift - KEY.......cocovririrsrieissississssessssssssssssssssessss s essssssssssssssesssessssssnees 73
Changing the Flight Path of an AIrplane #1...........c.cccnnrnssssssssssssssssssssssssssssssesenns 74
Changing the Flight Path of an Airplane #1- KeY...........cccrrnenrnsnsssisssssssssssssssssssssnsenns 75
Changing the Flight Path of an AIrplane H2..........cc.coerinsssssssssssssssssssssssssessnns 76
Changing the Flight Path of an Airplane #2 - K&Y..........ccunrmriniinsnssssssssssssssssssesssssssssons 77
PIEOICTION. ...ttt 78
PrEAICTION = KBY.......vieririirissiesisiss sttt 79
Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC

Educator Guide



PRI T OIMANCE TASK. ... ettt ettt et et et et e ettt et et et eeeee e et et et eseseee et eeeeseeeeee et et aeetaseen et asetenesereeeneasananennrens 80

Control Surfaces: StUAENT INSTIUCLIONS.........c..cocirinriniese st 81
Control Surfaces: StUdENTWOIKSNEEL.............cccvveinicieesess s 82
Control Surfaces: StudentWOIKSNEETL - KEY........c.ovvviimiiiiieinsssssss s ssssssssssssens 84
POITIONIO ASSESSIMENT..........vouiiciicieees s 86
ACTONAULICS RUDKIC ...ttt 87
ACrONAULICS POITIONIO.........couciciecicicrse st 88
Student Reflection: CONCEPL MaP.........cocieiiiicieese e 89
Student Reflection: Labeled DIagram..........cccrriinesinneissesesie s ssssessessssssssessssnns 90
Student Reflection: CreatiVe WIItING......c..cccceiinreieseseessss s ssssnens 91
Student Reflection: SEt Of NOLES...........cocieiiece s 92
Student Reflection: SCIENCE EXPEIIMENT..........cccirerineirsiesies s, 93
Student Reflection: Math ConNECtiION ACLIVILY.........c.ccccuervnericiisieiesssie s, 94
Student Reflection: ComparisON Chart...........ccciss s, 95
Student Reflection: Art/MusiC/ DramatiC PIECE........c.ccuuvmrerinriiriissiesissssssssssessssssssssssssenns 96
Student Reflection: MY CROICE.........ccccccieecce e 98
SEIF-EVAIUALION. ..o bbbt 99
EXPEIMENTASSESSITIENT.......covcvieicriciesie st 99
ACHVITY ASSESSIMENT.......ovviicieieses st 100
TraditioNal ASSESSIMENT.........ucvieiiiriieieie e 102
ACTONAULICS FINAITESL........ovvcviciecieces st 102
AEroNAULICS FINAITESE = KEY.......ccvveeirieriesisess st ssens 106
Section 2 Content
INtroduction TO AEIONAUTICS. .....cvieee i 109
SECTION OVEIVIEW. ......cvvvviiesisisisisessessessssessssessess st es st ss st s bbbt nn 109
Teacher Reading: INtroduCtion 10 AGIONAULICS............covuerirrrerinrisrisssssssssssssssssssssssssssesssessssssssssssses 110
OVEINEAA GUILES........coucerieeeirisisieis ettt 116
StudeNnt REAING:ACTONAULICS........c.rvirrrerierieesersssssssess st ses s es s s st s s sssesssessssssasssesssesssnssnes 117
Student NOtE TAKING GUIE..........couererierereresssiesessssssss sttt 119
StUAENTVWOIKSNEETACIONAULICS........cvvvrirrirriesiesiesssesssses sttt sttt ssssssssnssannes 120
StudentWOrksheet:ACIONAULICS = KEY........cc..vriririesississsssssssesssssssssssssssssssssssssssssessssssssssssssesssssssnnes 121
Quick QuIz: INtroduction TOABFONAULICS.........cc.ccveiveieiese st ssaes 122
Quick Quiz: INntroduction t0 AEIrONAULICS = KEY........cccvvieriirinrinsissssisssssssssssssssssesssssssssssssssssssssssssssnnes 123
The Scientific MethOd...........oooviiiiiii e 124
SECTION OVEIVIEW.......cvuveiesisisisisessessesssssss s st sttt s st n s 124
Teacher Reading: The Scientific METNOG. ... s 125
Student Reading: The Scientific METNOM..........ccoiieieceese s 127
Abbreviated Student Guidesheet:The Scientific METhOd.........ccccovvvvrinrinrinsinrinssssssssssssessneens 129
EXPeriment LOG TEMPIALE. ..ottt 131
Teacher-Led Experiment: Balloon Thrust
PrOCEAUNE CaI.......coovviciieicieeiesse sttt 133
EXPEIMENT LOY = KEY.....oourvicirieiissississie sttt st sss s ssssssssessssssanssnes 134
Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC

Educator Guide



Student Reading: NeWLON'STRIFA LAW.........c.cocueicieeieisciissieses st essessssss s ssssessessssssssssesssessanes 136
Teacher-Led Experiment: Cup With Water

PrOCEAUIE CAId........c.ocvvicicicsssse st 137
EXPEIMENT LOQG = KEBY......covciciieiesississes sttt ssnes 139
StudentWorksheet: The Scientific METNOG..........c.ccveeccccc s 141
StudentWorksheet: The Scientific MEthod - KEY.........cccouciiiiinrecsss s ssssssssees 142
Quick Quiz:The SCIeNtific METNOM...........cccoviiiiice bbb 143
Quick Quiz:The Scientific METNOU = KEY........ccooviiieicricsiessssese s 144
FOUr FOrces Of ABIONAUTICS..........cc.uviiie i a e 145
SECHION OVEIVIEW......oovviiciisiesississ st 145
Teacher Reading: FOUr FOrces Of AGIONAULICS...........ccueverieresiesesiesesssse st sssssssens 146
OVEINEAA GUILES. ..ottt 149
FOUP ACIONAULICAI FOFCES........ocviiciiieiccisss sttt 149
The FOUr FOrces iN BalANCE.........cccvcviiiiiicicecssesssse st 150
THEANGIE O LIt ... 151
WVBIGNTL. ...ttt 152
] TSP 153
TRFUSE. ..ot 154
DTG 1ttt 155
Student Reading: FOUr FOIrces Of ABIONAULICS...........ccc.ccrricirinriesssssississsss s sesssssssssssenes 156
Student NOte TAKING GUITE..........coovireieiieeeie sttt 160
Student Worksheet: FOur FOrces Of AGFONAULICS..........coc.cirrririesesississisessssssses s sesssssssssssaenes 161
Student Worksheet: Four FOrces of ABroNautiCs = KEY.........cuirnenreseissesss s ssssssssssnns 162
Experiment:What a Drag!
PrOCEAUNE Car.......cocvviiciicsiecss ettt 163
EXPEIMENT LOQG = KEBY......oouciciieiesississe sttt ssnes 164
Experiment: The Force of Thrust
PrOCEAUIE CAIl........coivviiciciesee ettt 166
EXPEIIMENT LOG = KBY....oouvieiiciisise sttt ssssnses 167
Experiment: A Little Lift
PrOCEAUNE Car.......coovviiciiiciieese ettt 169
EXPEIIMENT LOG = KBY....ouuiieiriisie sttt ssssnses 170
AAItioNal STUAENTACLIVITIES.......c.ovvericieieiee s 172
ConCePt Map: T FOUE FOICES........cvviieiiirisiceseis sttt nnns 173
WVEIEING EXPEIIENCES. .....vueviciciiieieic sttt 174
Critical TRINKING QUESTIONS. ........cveiiricicieiessse sttt sttt n s 174
Quick Quiz: FOUr FOrces Of ABIONAULICS.........coucvviiieiiieiee ettt 175
Quick Quiz: Four FOrces of AErONAULICS = KEY........cccvierieirieinriesesiss s ssesssssssssssssssnes 176
Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC

Educator Guide



SECTION OVEIVIEW. ...ttt 177
Teacher Reading: The WOIK Of WINQS.........cooiieiicsssce e 178
OVEINEAU GUILES. ......oveiiiiiiiee bbb 182
NEWLON'S TN LABW......couiriiiciecie ittt 182
BerNOUIII'S PrINCIPIE ... 183
HOW AN AIITOIHVVOTKS. ..ot sttt esssssssssasssens 184
FOUN BASICVVING DESIGNS......vorrirrirrirssissiesssssssssssssssssssssssssessssssssssessssssssssssssssssssssssssssasssasssssssssanees 185
Diagram of an AIrplane’s SETUCTUIE.........c.cceuirciesssss st ssssssssssnes 187
Student Readings:Wings
PAIT L. 188
PAIT 2.t 190
Student Note Taking Guides
PAIT L. 191
PAIT 2. 192
Student Worksheets:Wings
PAIT L.t 193
PAIT 2.t 194
StudentWOIrKShEETSMVINGS - KEYS ...ttt 195
Experiment: Faster Air = Lower Air Pressure 1
PrOCEAUIE CAIU. ...t 196
EXPEIIMENT LOY = KBY... ..ottt st 197
Experiment: Faster Air = Lower Air Pressure 2
PPOCEAUIE CAIU.......oovvuriirieiiiiesssesse st sssse sttt sttt ettt sttt sssasssssssnssesssssssnsssnsssnees 199
EXPEFIMENT LOG = KBY.....oouiiiiicieiiesiee it 200
Experiment: Lift and an Airfoil
PrOCEAUIE CAIQ.......cvieeiiciieiesi et 202
EXPEIIMENT LOG = KBY... .ottt 203
AdAItIONAl STUAENTACTVITIES ..ot ss st nssas 205
VVTIEING EXPEIIENCES. ...ttt bbb 205
Critical TRINKING QUESTIONS........c.ouuriiiirisrisissesisssssssssssssssesssssssssssssssessess s sessssssessssssessssssessassssssesssssessanes 206
QUICK QUIZ: WWINGS.....ovieiiiiisiesieieis sttt s bbbt 207
QUICK QUIZMVINGS = KBY.....oouiiiiricsisississie sttt 208
AINPIANE CONTIOL.......eeie e e e e nnne s 209
SECTION OVEIVIBW.......oveeiiisiiieiseie ittt s bbb 209
Teacher Readings
Parts of an Airplane and Their FUNCHIONS. ... esesesssssssssssesssessssessnaes 210
The Use of Coordinate AXES INAETONAULICS............uvvrrmerrenniresssssnsssssssssssssssssssssssssssssssesssns 214
OVEINEAU GUILES. ...t 219
Parts Of AN AIFPIANE.........coiccecc s 219
Axes AroundWhich an AIrplane MOVES............cciciierssss s ssssssssssssnnns 220
Pitch - Motion and CONEIOl SUIACE............uii ettt essenes 221
Yaw - Motion and CONEIOl SUIMTACE. ... ssssssssssssssssssnssans 222
RoIl - Motion and CONLIOl SUMTACE. ..ot sssssssssssssssssnses 223
CONLIOI SUMTACES.......ooieiii bbb 224
Student Reading: AIrplane CONIOL...........cc.ovriiiciriesses s 225
Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC

Educator Guide



Student NOTE TAKING GUITE........ccvviieieieicicssssiss et 230

StudentWorksheets: Airplane Parts and MOLIONS...........cccoiinsnnesssssse s 232
StudentWorksheets: Airplane Parts and MOtiONS = KEY........ccc.ccrriersinsinssssssssssssssssssssessnnes 233
StudentWorksheets: Airplane CONTIOL ..o 234
StudentWorksheets: Airplane Control - KEY ... 237
Student Project: Make YOUr OWN GHOET ... 238
EXPErimeENnt Data SNEET HL........c.covecieieicsree et 242
Control Experiment #1
PrOCEAUIE CAIQ.......coiiireiiiicie e 243
EXperiment Data SNEET - KEY.........c.oiiee ittt ssssssssnes 245
EXPEriment Data SNEET H2..........couiiicis bbb 246
Control Experiment #2
PrOCEAUIE CAIQ.......couiiuiiiiiiie bbb 247
EXperiment Data SNEET - KBY........coociciisss st ssssssenes 249
EXPEriment Data SNEELH3..........c.covvieee s 250
Control Experiment #3
PrOCEAUIE CAIQ........ovieiiiiiiieie et 251
EXPeriment Data SNEET - KBY........ccc.iiiisiieeisesiesie sttt 252
AdAItIONal STUABNTACTIVITIES ... 253
VVEIEING EXPEIIEICES. .....ovviiririiiieieis et 253
Critical TRINKING QUESTIONS ..ottt 254
QUICK QUIZ:AIIPIANE CONTIOL........iiriii ittt 255
Quick QUIZ:AIIPIANE CONTIOI = KEY......c.vvrririireireinsineiissississss st ssesssesssessssssssssesssenes 256
TOOIS OFf ABTONAUTICS. .....cuviieiie et 257
SECLION OVEIVIBW......vuvrireiseiseie et 257
Teacher Reading:TOOIS Of ABFONAULICS..........civriiiiiiiiie s 258
OVEINEAA GUILES........coeceeiiicrieie et 264
Computational Fluid Dynamics (tW0 OVErhEads)........ccccvririnmrnnrinsinsinsisssssssssssssssssssssssnsens 265
WVINATUNNEL ..o bbb 266
FIIGNE SIMUIALION. ..o 267
FHGNTTEST ... bbb 268
Student Reading: TOOIS Of ABFONAULICS..........cuiuririiiiiie b 269
StUdent NOTE TAKING GUIE..........ccouveieiiieieriesiess s 272
StudentWOorksheet:TOOIS Of ABFONAULICS..........cviics e 273
StudentWorksheet:TooIs Of AEFrONAULICS = KEY........ccociieieiiiiecssseesss s 274
Experiment: Air Pressure and Current of Air
PrOCEAUNE CaIU.......cviiieiiieie bbbt 275
EXPEIIMENT LOT = KBY....ooiirriiiiisei bbb 276
Experiment: Object Shape and Drag
PrOCEAUIE CAQ.......cvuiiiiiiieiieisi bbb s 278
EXPEFIMENT LOG = KBY ..ottt st 279
AddItioNal STUAENTACTIVITIES. ..o 281
VVFIEING EXPEIIBNCES.......ocvuirircireieie ittt 281
Project: Creating an Airflow Relief SCUIPTUIE ... 282
Critical TRINKING QUESTIONS. ........vuiieriiiiiieieieissisi s 283
QUICK QUIZ:TOOIS Of ABTONAULICS. ..ot ssssss st ssess st ssssess s ssesssssessssanes 284
Quick QUIZTOOIS Of ABIONAULICS = KBY......cooevievieiieieieicisissississe et 285
Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC

Educator Guide



Section 3 Appendices

AppendixX 1: ACIONAULICS GIOSSAIY.......ouireririiiieessisssssesssssse sttt sss sttt sssssssns 287
Appendix 2:  ReSOUICES and REEIENCES........c.oviiiie st 304
PEINEIMAEETIAL ..o 304
TRACNET REATINGS.......ouvveceriieiieie ettt bbb 304
STUAENT REAGINGS. .....oucvvreircieiicieiiset et 306
VIOBOS. ..o 309
AASSOCIALIONS. ..ottt bbb 310
WD SIEES... o 311
KIS @NA GAIMES.......uiiiiiiiii it 321
Teacher ACKNOWIEAGMENTS.........ccvii sttt 322

EDCATS Educator Reply Card

Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC
Educator Guide




“5%';9 Acknowledgements

Susanne Ashby — Curriculum Specialist
Liza Alderete — Editor

Desktop Publishing Provided by
Gary Walton Graphics and Amberlee Chaussee

Exploring Aeronautics: The Science of Flight EG-2003-07-001-ARC
Educator Guide




@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

EXPLORING AERONAUTICS

Part |
Section 1

Introduction

Part | - Section | 11 Introduction



@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

Pedagogical Basis

Program Goals

1. Tostimulate and increase student awareness of, interest in and achievement in science.
Specifically, to stir young people’s imagination and fuel their enthusiasm for the study
of science, mathematics and technology using fundamental themes of aeronautics.

2. To engage students in interactive multimedia learning activities that increase their
understanding of aeronautics-related concepts.

Part | - Section | 12 Introduction-T
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Goals and Objectives

Goal 1

To use the Scientific Method to answer a question or solve a problem.

Objectives

The Learner will be able to:
* recite the steps of the scientific method
 develop each part of the scientific method
* identify a question
* identify a hypothesis
* construct an experiment
* list procedures which will complete the experiment
* list material needed to perform the experiment
* perform experiment
» observe and record results
* write a conclusion
* identify a new question generated by the experiment

Goal 2

To understand that the progression of the science of aeronautics was influenced
by the technology of the time and historic events, as well as individuals, agencies
and groups who worked to solve problems.

Objectives
The Learner will be able to:

 gather information from a variety of resources (handouts, CD-ROM
programs, encyclopedia, Internet, library print material and timelines)

* identify important aspects of aeronautical history with respect to five
specified categories

« chronicle important events, discoveries and innovations in aeronautics
using a timeline format

Part | - Section | 13 Introduction-T
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Goal 3

To understand that there are a variety of aircraft types which have been designed
for specific purposes.

Objectives
The Learner will be able to:
* identify and describe the basic categories of aircraft
* identify features of an aircraft and then categorize that aircraft based
upon those features
* identify and describe the regimes in which aircraft fly
e compare aircraft based upon their characteristics
e compare aircraft types based upon their regime
* define the speed of sound
* describe the phenomenon of flight
* identify and describe how sound travels in waves

Goal 4

To understand the four forces and their effect on aircraft.

Objectives
The Learner will be able to:
* name and define each of the four forces that influence flight
» describe the effect of each of the four forces upon an aircraft
* identify how the four forces work in an oppositional manner
* define a force

Goal 5

To understand the relationship between the shape of an airfoil and the four forces.

Objectives
The Learner will be able to:
» draw and label an airfoil and indicate airflow
* describe how air pressure is affected by airflow
* describe how air pressure influences lift

Part | - Section | 14 Introduction-T
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Goal 6

To understand the control surfaces and motions of an airplane.

Objectives
The Learner will be able to:
* identify and demonstrate the six motions of an airplane
* identify the three axes that help to define the motions of an airplane
* identify and label the control surfaces of an airplane
» demonstrate the movement which occurs as each control surface is
manipulated, both individually and together

Goal 7

To understand what tools engineers and scientists use to test aircraft designs and
how these tools are employed.

Objectives
The Learner will be able to:
* list the four tools of aeronautics
* describe how each tool works
* identify the importance of testing aircraft with these tools
 contrast modern tools to early tools
« discuss the importance of each tool to aircraft design

Goal 8

To understand how aeronautics has become an integral part of our modern world.

Objectives
The Learner will be able to:
* identify the varied uses of aircraft in our society
* identify occupations associated with aeronautics
* describe new aircraft designs being considered for future development

Part | - Section | 15 Introduction-T
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Correlation to National Science
Education Standards

(National Science Education Standards, National Academy of Sciences, National Academy Press, 1996)

Unifying Concepts and Processes

» Systems, order and organization
» Evidence, models and explanation
* Form and Function

Content Standard A: Science as Inquiry

Students should develop abilities necessary to do scientific inquiry.
* Identify questions that can be answered through scientific investigations.

Students should design and conduct scientific investigation.
 Use appropriate tools and techniques to gather, analyze and interpret data.
* Develop descriptions, explanations, predictions, and models using evidence.

» Think critically and logically to make the relationships between evidence and
explanations.

 Recognize and analyze alternative explanations and predictions. Communicate
scientific procedures and explanations.

» Use mathematics in all aspects of scientific inquiry.

Students should develop understandings about scientific inquiry.
» Different kinds of questions suggest different kinds of scientific investigations.
* Current scientific knowledge and understanding guide scientific investigations.
» Mathematics is important in all aspects of inquiry.

» Technology used to gather data enhances accuracy and allows scientists to analyze
and quantify results of their investigation.

» Scientific explanations emphasize evidence, have logically consistent arguments,
and use scientific principles, models, and theories.

« Science advances through legitimate skepticism.
« Scientific investigations sometimes result in new ideas and phenomena for study....

Part | - Section | 16 Introduction-T
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Content Standard B: Physical Science

All students should develop an understanding of motions and forces.

» The motion of an object can be described by its position, direction of motion,
and speed. That motion can be measured and represented on a graph.

» An object that is not being subjected to a force will continue to move at a
constant speed and in a straight line.

* If more than one force acts on an object along a straight line, then the forces will
reinforce or cancel one another, depending on their direction and magnitude.
Unbalanced forces will cause changes in the speed or direction of an object’s
motion.

Content Standard E: Science and Technology

All students should develop understandings about science and technology.

» Many different people in different cultures have made and continue to make
contributions to science and technology.

» Science and technology are reciprocal.

* Perfectly designed solutions do not exist.

» Technological designs have constraints.

» Technological solutions have intended benefits and unintended consequences.
Some consequences can be predicted, others cannot.

Content Standard F: Science in Personal and Social
Perspectives

All students should develop an understanding of science and technology in society.
» Science influences society through its knowledge and world view.
» Societal challenges often inspire questions for scientific research ....
» Technology influences society through its products and processes.
» Science and technology have advanced through contributions of many different
people, in different cultures, at different times in history.
» Scientists and engineers work in many different settings ....

Part | - Section | 17 Introduction-T
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Content Standard G: History and Nature of Science

All students should develop an understanding of science as a human endeavor.

» Women and men of various social and ethnic backgrounds engage in the activities
of science, engineering ... Some engineers work in teams, and some work alone,
but all communicate extensively with others.

» Science requires different abilities, depending on such factors as the field of
study and type of inquiry.

All students should develop an understanding of the Nature of Science.
« Scientists formulate and test their explanations of nature using observation,
experiments, and theoretical and mathematical models.
* It is part of scientific inquiry to evaluate the results of scientific investigations,
experiments, observations, theoretical models, and the explanations proposed
by other scientists.

All students should develop an understanding of the History of Science.
» Many individuals have contributed to the traditions of science.
* In historical perspective, science has been practiced by different individuals in
different cultures.
» Tracing the history of science can show how difficult it was for scientific innovators
to break through the accepted ideas of their time to reach the conclusions that
we currently take for granted.

Part | - Section | 18 Introduction-T
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Content Matrix

Science Discipline Physical
Grade Level 5-8
Theme(s) Systems and Interactions; Forces and Motions; Scale and

Structure; Structure and Function

Unifying Concept The use of scientific inquiry has led humankind to develop
an understanding of the forces and motions that enable
flight.

Grade Level Concept | Forces acting on a structure in a particular way enable
flight.

Subconcepts Trial and error gave way to observation and scientific

inquiry in the study of aeronautics;

Four forces (lift, drag, weight, thrust) interact with special
structures to achieve and maintain controlled flight;

These forces and structures and their subsequent
interactions can be observed for specific causes and effects.

Part | - Section | 19 Introduction-T
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Multiple Intelligences Culminating Activities

Logical-Mathematical

Create a paper airplane designed to fly a great distance. Set up a course and perform
flight tests, measuring the distance of each flight, developing a chart and graph of results,
and then figuring the average flight distance.

Spatial
Create a sculpture with the theme of flight.
Create a mind map about one of the following: aircraft, aeronautics, aeronautical tools.

Musical
Write a song, rap or instrumental piece that expresses an aspect of flight or aeronautics.

Body-Kinesthetic

Create a dance that demonstrates one of the fundamentals of aeronautics or an aspect
of flight.

Interpersonal

Create a working airplane using people to form the parts. Have them coordinate their
movements to fly like an airplane.

Intropersonal

Choose an aspect of aeronautics that you enjoyed learning about and research that
topic on the Internet or a CD-ROM, then present your findings to a small group of
interested students.

Linguistic
Choose one position from below and write a letter to a politician attempting to inform
and influence his/her opinion in regards to this topic:

* importance of research to aeronautics;

* importance of aeronautics to our modern society;

* supersonic flight and regulations;

« flight safety.
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Using the Unit
Suggested Daily Lesson Planner

You might be asking yourself, “Where do | begin with this unit?” What follows is a
suggested daily plan for the unit. Use this as a guide and substitute activities as the needs
of your class dictate.

Day 1

» Do Opening Set

».CD-ROM Component: Demonstrate the interface and discuss what kind of
information is found on the CD-ROM as well as how to
navigate and access information.

Day 2 - Introduction to Aeronautics

» Read Teacher Reading.

* Use the Overhead Guide to introduce the topic of aeronautics.

* Distribute Student Note Taking Guide with the details side blanked out.

* Read aloud the Student Reading. After each paragraph, guide the students in the
note taking process.

* After discussion, distribute the StudentWorksheet: Aeronautics.

* CD-ROM Component:  Allow students to “explore” only“The Resource Center”

section.

Day 3 - The Scientific Method

 Read Teacher Reading.
* Introduce the Scientific Method.
* Introduce and discuss each step of the Scientific Method. Use either the Student
Guidesheet or Abbreviated Student Guidesheet.
 Perform the Teacher-Led Experiment. Balloon Thrust. Have students fill in their
Experiment Log as you perform each step of the Scientific Method.
» Have students complete the Student Worksheet: The Scientific Method.
* CD-ROM Component: Assign from the Student Logbook the worksheet “The
Firsts in Flight” and have the students use the “History”
subsection of “The Resource Center”.
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Day 4 - The Scientific Method (continued)

 Have the students read the Student Reading: Newton’s Third Law.

* Review the Scientific Method.

» Walk the students through the Teacher-Led Experiment: The Cup with Water.
Have students fill in their Experiment Log as you perform each step of the
Scientific Method.

* CD-ROM Component:  Assign from the Student Logbook the “Glossary Search”

activity sheet and have the students use the “Glossary”
subsection of “The Resource Center”.

Day 5 - Fundamentals of Aeronautics

* Read Teacher Reading.
» Use the Overhead Guides to help illustrate the information presented in the Student
Reading.
» Hand out the Student Reading and the corresponding Student Note Taking Guide with
the details side blanked out.
* Read aloud, discuss and take notes from the Student Reading.
» Have students complete the Student Reading Worksheet: The Four Forces.
* CD-ROM Component:  Assign from the Student Logbook “The People of Flight”
and use the “History” subsection of “The Resource
Center”.

Day 6 - Fundamentals of Aeronautics (continued)

* Review the information from yesterday’s readings.
» Go over procedures for the experiment: Faster Air = Lower Air Pressure |.
» Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key, modeling
what a well-written hypothesis and conclusion look like.
» CD-ROM Component:  Assign from the Student Logbook the activity sheet“Four
Forces” and use the “How an Airplane Flies” section’s
“Lift” and “Four Forces” subsections.
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Day 7 - Fundamentals of Aeronautics (continued)

» Go over procedures for the experiment: Faster Air = Lower Air Pressure 2.
 Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key, modeling
what a well-written hypothesis and conclusion look like.
* CD-ROM Component: Assign from the Student Logbook the “Word Hunt”
activity sheet and use the “Glossary” subsection of “The
Resource Center”.

Day 8 - Fundamentals of Aeronautics (continued)

» Go over procedures for the experiment: What A Drag!
» Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key, modeling
what a well-written hypothesis and conclusion look like.
* CD-ROM Component: Assign from the Student Logbook the activity sheet
“Dates in the History of Flight” and use the “History”
subsection from “The Resource Center”.

Day 9 - Fundamentals of Aeronautics (continued)

» Go over procedures for the experiment: The Force of Thrust.
 Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key, modeling
what a well-written hypothesis and conclusion look like.
* CD-ROM Component: Assign from the Student Logbook the activity sheet
“Prefix” and “Where in the World Did THIS Word
Come From?” and use the “Glossary” subsection of
“The Resource Center”.
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Day 10 - Fundamentals of Aeronautics (continued)

» Go over procedures for the experiment: A Little Lift.
» Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key, modeling
what a well-written hypothesis and conclusion look like.
* CD-ROM Component: Assign from the Student Logbook “The Aircraft” and
use the “History” subsection of“The Resource Center”.

Day 11 - Fundamentals of Aeronautics (continued)

» Choose some of the activities from Additional Student Activities.
» CD-ROM Component: Allow the students to thoroughly explore “The Hangar”
section.

Day 12 - Fundamentals of Aeronautics (continued)

» Choose topics from Writing Experiences and have students share their essays.

« CD-ROM Component: Assign from the Student Logbook “Technology and
Aeronautics” and use the “History” subsection of “The
Resource Center”.

Day 13 - Wings

* Read Teacher Reading.

» Hand out Student Reading and Note Taking Guide for Part 1.

» Use the Overhead Guides to illustrate information presented as you read aloud,
discuss and take notes.

» Have students complete the Student Worksheet for Part 1.

* CD-ROM Component: none
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Day 14 - Wings (continued)

» Hand out Student Reading and Note Taking Guide for Part 2.

» Use the Overhead Guides to illustrate information presented as you read aloud,
discuss and take notes.

 Have students complete the Student Worksheet for Part 2.

* CD-ROM Component: none

Day 15 - Wings (continued)

» Go over procedures for the experiment: Lift and An Airfoil.
» Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment logs and compare with Experiment Log Key.
* CD-ROM Component: Assign from the Student Logbook the activity sheet “Lift”
and use the “Lift” subsection of the “How an Airplane
Flies” section.

Day 16 - Wings (continued)

» Choose some of the activities from Additional Student Activities.

* CD-ROM Component: Assign from the Student Logbook the activity sheet“Wing
Shape” and use the “Wing Shape” subsection of the “How
an Airplane Flies” section.

Day 17 - Wings (continued)

» Choose some of the activities from Additional Student Activities.
* CD-ROM Component:  Assign from the Student Logbook the activity sheet“Pilot
Clues” and use “The Hangar” section.

Day 18 - Wings (continued)

» Choose topics from Writing Experiences and have students share their essays.
* CD-ROM Component: none
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Day 19 - Airplane Control

* Read Teacher Reading.

» Hand out Student Reading and Student Note Taking Guide.

» Use the Overhead Guides to illustrate information presented as you read aloud,
discuss and take notes on the first half of the reading.

» CD-ROM Component: none

Day 20 - Airplane Control (continued)

» Complete reading and note taking for Student Reading.

» Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes on the first half of the reading.

 Have students complete the Student Worksheet: Airplane Parts and Motions.

* CD-ROM Component: Assign from the Student Logbook the activity sheets
“Parts” and “Control Surfaces” (first page only of latter)
and use the “Parts” subsection of the “How an Airplane
Flies” section.

Day 21 - Airplane Control (continued)

* Review Procedure: Making Your Own Glider.

 Have students make their own gliders.

 Have students complete the Student Worksheet: Airplane Control.

* CD-ROM Component:  Assign from the Student Logbook the activity sheet
“Control Surfaces” (second page) and “Movement” and
use the “Movement” subsection of the “How an Airplane
Flies” section.

Day 22 - Airplane Control (continued)

» Go over procedures for Control Experiment #1.

» Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data
Sheet Template) and have students do the experiment.

* Review student experiment data sheets and compare with Experiment Data Sheet
Key.

» CD-ROM Component: none
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Day 23 - Airplane Control (continued)

» Go over procedures for Control Experiment #2.

» Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data
Sheet Template) and have students do the experiment.

* Review student experiment data sheets and compare with Experiment Data Sheet
Key.

* CD-ROM Component: none

Day 24 - Airplane Control (continued)

» Go over procedures for Control Experiment #3.

» Hand out Procedure Card and blank Experiment Data Sheet (use Experiment Data
Sheet Template) and have students do the experiment.

* Review student experiment data sheets and compare with Experiment Data Sheet
Key.

* CD-ROM Component: none

Day 25 - Airplane Control (continued)

* Review the results of the experiments done over the past three days with the
students. Reiterate the name and location of each control surface and what motion
it controls. Demonstrate each with your own glider. Have students reflect on their
experiences over the past three days - how comfortable are they with the Scientific
Method?

* CD-ROM Component: Assign from the Student Logbook the 2 activity sheets

“Make Your Own Comparison” and use “The Hangar”
section.

Day 26 - Airplane Control (continued)

» Choose topics from Writing Experiences and have students share their essays.
* CD-ROM Component:  Assign from the Student Logbook “Experiment: Airfoil
Lift and Drag” and use the “Activity Center” section.
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Day 27 - Tools of Aeronautics

 Read Teacher Reading.

» Hand out Student Reading and Student Note Taking Guide.

» Use the Overhead Guides to illustrate information presented as you read aloud,

discuss and take notes.

» Have students complete the Student Worksheet: Tools of Aeronautics.

* CD-ROM Component: Assign from the Student Logbook the activity sheet
“Computational Fluid Dynamics” and use the “CFD”
subsection of the “Tools of Aeronautics” section.

Day 28 - Tools of Aeronautics (continued)

» Go over procedures for Experiment: Air Pressure and Current of Air.
» Hand out Procedure Card and blank Experiment Log (use Experiment Log Template)
and have students do the experiment.
* Review student experiment data sheets and compare with Experiment Log Key.
* CD-ROM Component: Assign from the Student Logbook activity sheet “Wind
Tunnels” and use the “Wind Tunnel” subsection of the
“Tools of Aeronautics” section.

Day 29 - Tools of Aeronautics (continued)

» Choose some of the activities from Additional Student Activities.

* CD-ROM Component: Assign from the Student Logbook activity sheet “Flight
Simulation” and use the “Flight Simulation” subsection of
the “Tools of Aeronautics” section.

Day 30 - Tools of Aeronautics (continued)

» Choose one of the activities from Additional Student Activities.

* CD-ROM Component: Assign from the Student Logbook activity sheet “Flight
Test” and the “Flight Test” subsection of the “Tools of
Aeronautics” section.
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Opening Set

Pre-Set

» Make a plywood “glider” (which is not meant to fly). Take old plywood boards and
sticks and construct a model that looks like an airplane, but does not function like
one.

* Purchase a prefabricated balsa wood or Styrofoam glider.

Set

* Present each glider for class viewing. Pass the gliders around the classroom for
closer inspection.

» Facilitate class discussion on a comparison of the models.
* Ask the class what they think enables an airplane to fly. List their ideas.
* In groups, have students create lists of the following:
. What they already know about aeronautics;
. What they want to know.
* Discuss these lists and compile them.
* Ask the class which “glider” will fly. Discuss their explanations.
 Attempt to fly each glider.
* Review predictions and explanations without offering technical explanations.

Post-Set

» Written reflection: Have students write their explanation of what enables an airplane
to fly. Encourage them to express their explanation in two to four sentences and to
make a diagram to illustrate their explanation.

* Additional reflection: Have the students create a mind web of aeronautics or airplanes.
Save these in their portfolio and compare this initial mind map to one completed at
the end of the unit.
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The Big Event: Air Show

As an activity to culminate the aeronautics unit, teachers and students can conduct their
own Air Show. Air Show events can include contests, an air museum, oral presentations,
guest speakers and/or a“Fly By” performed by members of the class who have built their
own glider. The following paragraphs detail how these events can be organized and run.

Air Museum

Utilizing pieces of work completed by students during the unit, have students design
displays and set up the classroom as a museum. Some suggestions for display titles
are as follows: Art and Aeronautics, The History of Aeronautics, Aircraft,
Fundamentals of Flight, People of Flight.

Oral Presentations

Have students present poems, songs/raps, creative writings or interviews to
classmates or to other classes as part of a school-wide special event. The
presentations could be recorded on videotape for viewing by parents and teachers
at an appropriate event.

Guest Speakers

Invite community members involved in aeronautics to give a 15-30 minute talk
about their work. Have the students design the invitations and thank you notes.

Potential Guest Speakers

» aeronautical engineer involved in aerodynamics, avionics, instrumentation, materials
manufacturing

* pilot

* parachutist

* aeronaut

« air traffic controller

e airport operations manager

* airplane mechanic

« flight attendant

e scientist involved in metallurgy, composites and ceramics used in aircraft
manufacture

« aircraft manufacturing employee involved in sheet metal, fabrication, assembly,
inspection, pattern making, molding
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Air Show Guest Speaker Guidelines

Date

Dear ,

Thank you so much for taking the time to join us as a speaker for our “Air Show” as we
conclude our study of aeronautics. To help you prepare for your presentation we have
included some helpful hints as well as a suggested outline. Feel free to follow the
presentation outline or modify it as you wish. We look forward to your visit on month-

date-day.

Hints

 Any visuals you could bring with you would be very interesting, for example: photographs,
models, actual tools and/or parts, short videotape clips.

* If you need any special equipment (microphone,VCR-TV,computer,audio tape player)
let us know in advance so we can have it ready for you.

* If you wear a special uniform, it would be really nice to see it.
» Keep your presentation to 15 - 20 minutes.

» Allow time for questions after your presentation is completed.
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Presentation Outline

1. Introduce yourself

» Give your name.

What is your relationship to someone in our class or at our school?

Where and for what company do you work?

How long have you worked there?

Have you worked in any other jobs that were related to aeronautics?

2. Tell about your job
* What is your job title?
» Give your job description.
» What is your job’s relationship to aeronautics?

3. Describe a typical workday
* When do you start work and end work?

What are some of the usual things you have to deal with every day?

Do you work with any special tools or machines on your job?

What part of your job do you like the most?

What part of your job do like the least?

4. Related job Information
» What kind of training or schooling do you need to do this work?
» Why did you go into this type of work?

5. Questions
 Leave about 5 minutes for questions.
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Contests

Presented below are two contests which can be judged and/or monitored by parents or
perhaps by some of the guest speakers. The two contests are the “Glider for Distance”
and the “Slowest Parachute Drop.” Charts for both contests and directions for making
the launcher follow these instructions.

1. Glider for Distance

Pre-contest

The gliders can be either styrofoam gliders or paper gliders. Students can be given
class time to construct gliders or they can construct them at home. Students can
use a pattern provided by the teacher or may find/create their own.

Construct a launcher according to the directions below. Allow students a few days
prior to the contest to use the launcher to practice launching their planes.

Set-up

Find a long room that does not have drafts. Set out two parallel strings about 3-4
meters apart along the length of the room. This is to keep students clear of the
landing zone. Set a small table or desk at one end of the course. This becomes the
takeoff point upon which the launcher will sit.

Make sure you have a very long tape measure and one student or parent who can
make the measurements - the “measuring judge”. Have another student or parent
be the “spotter.” This person’s job is to spot where the plane first lands (touches the
ground) and mark the spot for measurement. The spotter can also assist the measuring
judge. The results should be recorded on the distance chart.

The Contest

Give each student one practice launch and then two actual launches. Measure the
latter two launches and record both measurements. As prizes you can award students
model airplane kits, balsa wood gliders or other flying toys or objects (patches,
stickers, etc.).
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2. Slowest Parachute Drop
Pre-contest

Purchase bolts - one for each student. They should be heavy enough to pull down
lightweight cotton material. Instruct students to gather the material for their
parachute and some “string”. The string can be yarn, twine, fishing line, or thread.
The selection of the size, shape and type of cloth as well as the type of “string”
should be left to the students. They should base their decisions on the size and
weight of the bolt you give them.

Have the students think about how they will build their parachute and plan the
construction. Have each student assemble their own parachute before the contest.
Allow them only a certain amount of time for construction.

Contest

Using a ladder, have an adult hold the center of the parachute and release it from a
predetermined height. Itis recommended that the drop be held at a height between
3 and 5 meters. Have another adult time the descent with a stopwatch and record
the time.
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Launcher
Materials for Construction Materials for Launch Use
1 piece of wood 1" x 12”7 x 12” 1 oversized rubber band
1 piece of wood 17 x 3” x 12” 1 ruler
4 - 1-inch nails
hammer

Directions for Construction

1. Connect the smaller board (1” x 3” x 12”) to the larger board (1” x 12” x 127)
with two 1-inch nails at a 90-degree angle as per the drawing below.

& Nail

1"x3"x12"

e—1"x12"x12"

Side View

2. Nail the other two 1-inch nails into the Top View
“lower end” of the larger board (1” x
127 x 12”) approximately 1 inch in from
the side and a half inch above the end
as per the drawing below, making sure
that you leave about one-half inch of
each nail exposed.

[ Rubberband
3 Loop the oversized rubber band around u elr an

the nails.
_gi é
4 When preparing to launch a glider, place

a ruler under the launcher so that -
“student pilots” all pull back on the =
rubber band to the exact same length. - -
The length should be set between 3” - - =
7” depending upon the size of the - -
rubber band. This will standardize the
launch procedure.

o~ W NP
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Assessment

Introduction

As with any educational guide some type of assessment is always in order. There are
many ways to assess a student’s learning achievements. This section attempts to provide
the instructor with a variety of assessments which can be easily adapted to accommodate
almost any curriculum model being used in the classroom. Some of these assessments
can be embedded throughout the Science of Flight Unit, while others can be used as
specific benchmarks along the way. These assessments attempt to incorporate the various
ways students express their knowledge of scientific concepts, as well as enable them to
display their ability to use scientific processes. This collection of assessments is meant to
complement what is already being done in your classroom. It includes a variety of
embedded, pictorial, performance task, reflective, self-evaluative and traditional assessment
experiences. Itis hoped that teachers find this variety of assessments to be useful during
the assessment process.
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Introductory Assessments

Introductory assessments can be used to determine what students already know about
a subject or what misconceptions they might have, and assist in constructing a more
accurate learning base. They help the teacher build instructional experiences to ensure
that students acquire the necessary skills, concepts and processes. Introductory
Assessments can be brought full circle at the conclusion of a unit to demonstrate for
students how much learning they have done.

Know-Want to Know-Learned-Proof of Learning

This is a variation of the standard “Know-Want to Know-Learned” method - “Proof of
Learning” added as a fourth component.This activity can be done as a group assessment
or can be done individually and placed in each of the student’s portfolios to be used at
the end of the unit as a final assessment tool.

At the beginning of the unit, the first page of the chart should be handed out with the
question, “What do you know about how an airplane flies?” Students should list 3 - 5
statements about what they already know about aeronautics and write their answers in
the “Know” box. This is followed by the question,“What more do you want to know
about how airplanes fly?” Students should list 3 - 5 guestions that they would like
answered about aeronautics and write their responses in the “Want to Know” box. A
class discussion should be facilitated to give the teacher an idea of what gaps and
misconceptions students have in their knowledge, as well as what aspects of aeronautics
intrigue them.

At the end of the unit, the students can retrieve their completed first page and be
presented with the second page. Have the students state specifically, three to five “big
ideas” in the “Learned” box. These could be answers to the questions listed at the
beginning of the unit. Finally, have them offer proof of learning in the “Proof of What |
Learned” box. For example, they might have learned that airfoils help make planes fly.
They could then explain Bernoulli’s principle to give evidence.
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Aeronautics K-W-L-P Assessment
Page 1

Know

Want to Know
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Aeronautics K-W-L-P Assessment
Page 2

Learned

Proof of What | Learned
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Brainstorming

Have students write the question: “How does an airplane fly?” in the center of a piece
of paper. Give them time to write down their ideas in answer to the question. The ideas
do not have to be complete sentences! If any ideas have an intuitive connection then a
line should be drawn between those that do. At the end of the unit, repeat this activity.
A comparison between the results of the pre- and post- activities can graphically
demonstrate how much learning has taken place.

How Does an Airplane Fly?
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Exploring Aeronautics
Pre-Test

Directions: This test will show what you know about aeronautics already.You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.

Even though you might not know some of these answers, do your best to
answer each question below.

1 Name the four forces that act on an airplane.

2. In your own words define aeronautics.
3 List the steps you would take to find the answer to a question or to solve a
problem.
Part | - Section | 45
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4 Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

5 In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.
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6. On the diagram below, label each control surface and then tell what motion it
affects.

1. motion:

motion; 3.

motion:

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

8 Explain how computers are used in aeronautical research.
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9 Label the parts of the airplane in the diagram below.

10.  Explain the differences between a straight wing airplane design and a delta wing
airplane design.
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Exploring Aeronautics
Pre-Test

Answer Key

Directions: This test will show what you know about aeronautics already.You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.
Even though you might not know some of these answers, do your best to
answer each question below.

1 Name the four forces that act on an airplane.

. Lift
. Weight
. Thrust
. Drag
2 In your own words define aeronautics.

Answers will vary, but should include the basic statement written below:
The study of flight and the science of building and operating an aircraft.

3. List the steps you would take to find the answer to a question or to solve a
problem.

The Scientific Method should include steps like the following:

. |dentify or state the problem

. Form the hypothesis

. Design an experiment: materials list and procedures
. Perform or do the experiments

. Organize and analyze the data

. Draw your conclusions
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

Answers will vary, but one example is listed below:

The early drag research done on propellers in 19 — changed the design of propellers on
airplanes.The previously exposed engine parts were covered with a “cowling” that made
the air flowing around the nose of the airplane follow a smoother pathway.This reduced
drag and made the fuel consumption more efficient.

5 In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.

AIRFLOW IS FASTER OVER THE TOP OF THE WING
THUS THE LOWER AIR PRESSURE

LIFT

L

P JM
—

H

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
THE AIR PRESSURE IS GREATER/HIGHER
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6. On the diagram below, label each control surface and then tell what motion it
affects.

1. _ elevators  motion: pitch

2. rudder
motion: yaw 3. __ailerons
motion: roll

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

There are four possible answers:

. Computational Fluid Dynamics: Using computers to solve complex air flow
equations.

. Wind Tunnel: a way to verify the CFD results by flying a model inside a tube or
tunnel

. Flight Simulation: a mathematical model of a research airplane is programmed

into a computer which manipulates a simulator cockpit . This tool is used to
examine the handling qualities of the airplane, as well as the cockpit control’s
configuration.

. Flight Test: Instruments are placed on the airplane and a trained test pilot takes
the airplane through a list of maneuvers. Based on the results, the airplane
might be tested further.
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8 Explain how computers are used in aeronautical research.

Answers will vary, but below are listed some possibilities:

. to solve complex mathematical equations
. to run software program that control simulators
. to collect data

9. Label the parts of the airplane in the diagram below.
1. __engines 6. __ cockpit

2.tail section or empennage

3. __fuselage

10.  Explain the differences between a straight wing airplane design and a delta wing
airplane design.

Straight wing:
. the leading edge is straight
. it is designed for use more so by subsonic aircraft
. is more fuel efficient at slower speeds
Delta Wing:
. the leading edge is slanted back towards the tail of the airplane
. it is designed for use more so by supersonic aircraft
. Is more fuel efficient at faster speeds

Part | - Section | 52 Introduction - S



@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

Exploring Aeronautics
Post-Test

Directions: This test will show what you have learned about aeronautics. It will be used

to compare what you have learned about aeronautics to what you knew

about aeronautics before the unit began. Do your best to answer each
question below.

1 Name the four forces that act on an airplane.

2 In your own words define aeronautics.

3

List the steps you would take to find the answer to a question or to solve a
problem.

Part | - Section |

53 Introduction - S



@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

4 Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

5 In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.
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6. On the diagram below, label each control surface and then tell what motion it
affects. 1

motion;

motion: 3.

motion:

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

8 Explain how computers are used in aeronautical research.
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) Label the parts of the airplane in the diagram below.

10.  Explain the differences between a straight wing airplane design and a delta wing
airplane design.
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Exploring Aeronautics
Post-Test

Answer Key

Directions: This test will show what you know about aeronautics already.You will not
be graded on this pre-test. It will be used to compare what you know now
about aeronautics to what you will have learned by the end of the unit.
Even though you might not know some of these answers, do your best to
answer each question below.

1. Name the four forces that act on an airplane.
. Lift
. Weight
. Thrust
. Drag
2. In your own words define aeronautics.

Answers will vary, but should include the basic statement written below:
The study of flight and the science of building and operating an aircraft.

3 List the steps you would take to find the answer to a question or to solve a
problem.

The Scientific Method should include steps like the following:

. Identify or state the problem

. Form the hypothesis

. Design an experiment: materials list and procedures
. Perform or do the experiments

. Organize and analyze the data

. Draw your conclusions
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4. Name one important aeronautical event in history that improved the science of
aeronautics. Explain how it improved aeronautics.

Answers will vary, but one example is listed below:

The early drag research done on propellers in 19 — changed the design of propellers on
airplanes.The previously exposed engine parts were covered with a “cowling” that made
the air flowing around the nose of the airplane follow a smoother pathway.This reduced
drag and made the fuel consumption more efficient.

5 In the box below, draw a diagram that shows how a wing generates lift. Include
these labels on your diagram: airfoil, airflow, high pressure, low pressure, lift.

AIRFLOW IS FASTER OVER THE TOP OF THE WING
THUS THE LOWER AIR PRESSURE

LIFT

L

H

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
THE AIR PRESSURE IS GREATER/HIGHER
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6. On the diagram below, label each control surface and then tell what motion it

affects.
1. __elevators = motion: pitch
2. rudder
motion: yaw 3. ailerons

motion; roll

7. Name one tool of aeronautics and explain how it is used to test an aircraft design.

There are four possible answers:

. Computational Fluid Dynamics: Using computers to solve complex air flow
equations.

. Wind Tunnel: a way to verify the CFD results by flying a model inside a tube or
tunnel

. Flight Simulation: a mathematical model of a research airplane is programmed

into a computer which manipulates a simulator cockpit . This tool is used to
examine the handling qualities of the airplane as well as the cockpit control’s
configuration.

. Flight Test: Instruments are placed on the airplane and a trained test pilot takes
the airplane through a list of maneuvers. Based on the results, the airplane might
be tested further.
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8 Explain how computers are used in aeronautical research.

Answers will vary, but below are listed some possibilities:

. to solve complex mathematical equations
. to run software program that control simulators
. to collect data

9 Label the parts of the airplane in the diagram below.

1. __engines 6. cockpit

2.tail section or empennage

3. __fuselage

10.  Explain the differences between a straight wing airplane design and a delta wing
airplane design.

Straight wing:
. the leading edge is straight
. it is designed for use more so by subsonic aircraft
. Is more fuel efficient at slower speeds
Delta Wing
. the leading edge is slanted back towards the tail of the airplane
. it is designed for use more so by supersonic aircraft
. is more fuel efficient at faster speeds
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Embedded Assessments

Embedded Assessments are activities that are integrated into the unit day-by-day. They
actually appear to be part of the unit.

Independent Experiments

When the students are comfortable with the Scientific Method, select two experiments
for evaluation - one midway through the unit and the other at the end. See the following
Experiment Rubric for scoring.

The Experiment Logs for this unit are formatted as shown below.

Experiment Logs

i Experiment lo
Experiment log NARE p g NAvE
DaTE . Darte
EXPERIMENT: ———— EXPERIMENT: .
Steps Data i Steps Data H
1,S§;¢the :‘xp[;(r)i;heent and
problem record the data
QUESTION

(What information

(What do | want did | gather during

o
(o know) this experiment?)
5. Organize
ﬁﬁ)%iysoJ and analyze your
Ppotiess results
ANSWER (Make a graph,
(What do | chart, picture or
think is going diagram)
to happen?)
3. Create an 6. Draw your
experiment conclusion
experiment
MATERIALS (What do my
AND results mean?
Was my
PROCEDURES

hypothesis right
or wrong? Can |

i 7
(What steps will explain why?)

| take to do

this experiment?
What things will
| need?)
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Concept Maps

At various times during the course of this unit, give students an aeronautical concept for
them to map. Make sure that the concepts have been introduced, covered and reinforced
before engaging in a concept mapping activity.

Possible concept mapping topics are listed below, with examples found on the following
pages.

1. Aeronautics

2. Aircraft

3. Fundamentals of Aeronautics or How An Airplane Flies
4. Tools of Aeronautics

5. Four Forces
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Concept Map

movement
control
contro
surfaces

elevator

Bernoulli’s
principle

airfoils

ailerons

@rward-swept yaw rudder
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Concept Map

Four Forces

orwar
motion

TS 4 > O >

slows
forward
motion

Cengines >
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Computation (CFD)

Creates Different
Wind Conditions

Large Building
or Tube

Mathematical Description
of New Plane Design

Wind Tunnel

Computer Creates Model i e
| Scale Model
| Placed Inside
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Pictorial and Drawing Assessments
Included in this section are two different types of assessment.

1. Pictorial: Students are given a picture and are required to answer questions
concerning what they observe.

. Will This Airplane Fly?

. Changing the Flight Path of An Airplane #1
. Changing the Flight Path of An Airplane #2
. Prediction

2. Drawing: Students are given a question and are required to draw or diagram
their answer with labels.

. How aWing Generates Lift
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Will This Airplane Fly?

Directions: Below each airplane picture circle “yes” if the airplane will create enough
lift to fly or “no” if it will not create enough lift to fly. Then, explain why. Be
sure to use aeronautical facts to support your answer.

= >

1 yes no
Reason:
% >
2. yes no
Reason:
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Will This Airplane Fly? - Key

Directions:  Below each airplane picture circle “yes” if the airplane will create enough
lift to fly or “no” if it will not create enough lift to fly. Then explain why.
Be sure to use aeronautical facts to support your answer.

~F

1. . no

Reason: Yes, it has wings for lift and an engine for thrust. The engines will
provide the speed and the wings will create the lift.

pi

2. yes

Reason: It does not have an engine for thrust and it has only one wing for
lift. One wing won't generate enough lift.
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How aWing Generates Lift

Directions: Draw a diagram that shows clearly how a wing generates lift. Make sure
you include labels that show the wing, airflow, airflow speed, lift, high
pressure area and low pressure area.
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How aWing Generates Lift - Key

Directions: Draw a diagram that shows clearly how a wing creates lift. Make sure you
include labels that show the wing, airflow, airflow speed, lift, high pressure
area and low pressure area.

AIRFLOW IS FASTER OVER THE TOP OF THE WING
THUS THE LOWER AIR PRESSURE

LIFT

L

W

H

AIRFLOW IS SLOWER UNDERNEATH THE WING THEREFORE
THE AIR PRESSURE IS GREATER/HIGHER
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Changing the Flight Path of an Airplane #1

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

0

POSITION 1

POSITION 2

Explanation:
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Changing the Flight Path of an Airplane #1 — Key

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

/—‘_: o — d
o

POSITION 1

POSITION 2

Explanation:

The pilot could slow down (decelerate) the speed of the airplane by
decreasing thrust. Then, adjust the elevator into the down position
which would cause the nose of the airplane to pitch down.
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Changing the Flight Path of an Airplane #2

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

POSITION 1

POSITION 2

\ POSITION 3

Explanation:
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Changing the Flight Path of an Airplane #2 — Key

Directions: What could the pilot of the airplane in the picture below do to make the
airplane move from position 1 to position 2? Be very specific in your
explanation and use aeronautical vocabulary.

POSITION 1

POSITION 2

\ POSITION 3

Explanation:

Move the elevator into the down position so that the nose of the
airplane pitches down. Move the right aileron into the up position,
the left aileron into the down position. This will cause the airplane
to roll right. Move the rudder to the right so the airplane yaws to
the right.

Part | - Section | 77 Introduction-T



@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

Prediction

Directions: This airplane is flying straight and level. Predict the airplane’s flight pattern
when the pilot accelerates and moves the elevators into the up position.
Complete the flight path by drawing it into the box.Then, explain why the
airplane will react in that way.

Explanation for Flight Path
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Prediction - Key

Directions: This airplane is flying in a steady, level flight pattern. Predict the airplane’s
flight pattern when the pilot accelerates and moves the elevators into the
up position. Complete the flight path by drawing it into the box. Then,
explain why the airplane will react in that way.

Explanation for Flight Path

The elevators in the up position cause the airplane’s nose to pitch upward.
This, combined with the increased thrust, will cause the airplane to fly a
loop.
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Performance Task

Performance Tasks can be fun for students doing a hands-on activity during which they
must use scientific processes such as prediction, observation, classification, measurement,
etc. The Performance Task on the following pages can be used also as an embedded
activity or experiment in association with lessons on control surfaces.
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Control Surfaces
Student Instructions

Directions: Using a piece of paper of your choice, create a glider with control surfaces
that work. Then, adjust the control surfaces to perform the two stunts
indicated on your worksheet.

For each maneuver, draw a diagram of your paper airplane in the box on the left and
color the control surfaces you used to perform the maneuver. Label the names of each
control surface. Then tell the position each one was in (up, down, left, right, etc.)

In the box on the right, draw its flight path. Use arrows to show the flight of your paper
airplane.

Below is an example of a roll to the left that pitches downward.

Airplane Diagram with Flight Path
Control Surfaces
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Control Surfaces
Student Worksheet

Maneuver 1: a loop-the-loop

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 2: aroll to the left that pitches upward

Airplane Diagram with Flight Path
Control Surfaces
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Control Surfaces
StudentWorksheet

Maneuver 3: a roll to the right that pitches upward

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 4: a series of barrel rolls

Airplane Diagram with Flight Path
Control Surfaces

Part | - Section | 83 Introduction - S



@ EG-2003-07-001-ARC Exploring Aeronautics:The Science of Flight

Control Surfaces
Student Worksheet — Key

Maneuver 1: aloop-the-loop

Airplane Diagram with Flight Path
Control Surfaces

Maneuver 2: a roll to the left that pitches upward

Airplane Diagram with Flight Path
Control Surfaces
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Control Surfaces
Student Worksheet — Key

Maneuver 3: a roll to the right that pitches upward

Airplane Diagram with Flight Path
Control Surfaces
P — " up
/
/
/ ROLL
RIGHT
/
l
Maneuver 4: a series of barrel rolls
Airplane Diagram with Flight Path

Control Surfaces

NEUTRAL
LEVEL
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Portfolio Assessment

A portfolio is a system of assessment that collects samples of student work which have
been completed over a specific period of time. These samples can be used as evidence
of individual student progress. Portfolios are truly useful when the purpose of learning
is defined in advance and the criteria for assessing learning is clearly identified. This
particular portfolio design is a “Showcase Portfolio”. A Showcase Portfolio is mainly
used to “show off” the individual student’s work as a culmination of the learning segment.
This could be used in conjunction with the culminating Air Show event or incorporated
into your own portfolio program.

For this Showcase Portfolio we have identified the following nine components:

e concept map

* labeled diagram

* creative writing entry

* one set of notes

* science experiment

» math connection activity
e comparison chart

e art/ music/ dramatic work
* student choice

For each component we have included a personal reflection sheet which can be completed
by the student while compiling work for his/her portfolio.

Also, we have included an “Aeronautics rubric” as well as a teacher introductory cover
sheet (“Aeronautics Portfolio”) for the portfolio. The rubric will fit most of the student
projects and activities described in this unit. The cover sheet will serve to introduce the
skills,concepts and processes inherent in the Science of Flight Unit as well as the goals of
the portfolio process. Feel free to adapt either of these to better accommodate your
own assessment procedures.
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Aeronautics Portfolio

For our science class, we will be keeping a portfolio for our integrated unit on Aeronautics.
Just as professionals in many different fields maintain a collection of their best work in a
portfolio, your child will showcase his/her best work in their Aeronautics Portfolio. These
samples will not only be science oriented, but will also be drawn from the content areas
of language arts, social studies and mathematics. The portfolio will supplement the
assessment process and will provide concrete examples of your child’s work during the
unit. It will also provide a means for your child to reflect upon the work he/she does and
assess his/her own progress. It is our hope that through this process we will capture
your child’s learning experiences and growth in a concrete manner and more clearly
demonstrate the progress your child has made.
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Student Reflection: Concept Map

Title of this Piece:

Description of this piece: Concept Map of

What is the goal of this type of assignment?

How many main ideas did you record on the piece?

Estimate how many details you averaged for each main idea on this piece.

Do you think your map has a lot of details and strong connections?
Tell why or why not.

What did you learn from this mapping assignment?

Was this type of assignment difficult or easy for you to do? Why do you think so?
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Student Reflection: Labeled Diagram

Title of this Piece:

Description of this piece: Diagram of

What did you learn from working on this assignment?

What challenges or problems did you encounter while working on this assignment?

How does this assignment connect with other work in this unit?

If you did this assignment over, how would you do it?

What did you learn about yourself while working on this assignment?
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Student Reflection: Creative Writing

Title of this Piece:

Description of this Piece:

How did your pre-write help you to create this piece?

Give one example of figurative language from this piece and tell why you used that type
of figurative language.

What challenges or problems did you encounter when doing this assignment?
What could you do to make this piece of writing even better?

What did you learn from doing this assignment?
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Student Reflection: Set of Notes

Title of this Piece:

Description of this Piece:

What is the goal of this type of assignment?

How important is it for you to learn how to take notes?
Is this type of assignment difficult for you or easy? Why?

What challenges or problems did you encounter when trying to take notes?

Give some ideas on how you will overcome the challenges found in learning to take
notes.
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Student Reflection: Science Experiment

Title of this Piece:

Description of this Piece:

Why did you select this particular experiment for your portfolio?

What is the best part of your work on this experiment?

Name your least favorite part of this experiment and tell why it was your least favorite.

How does this experiment connect to the rest of the unit on aeronautics?

What did you learn from doing this experiment?
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Student Reflection: Math Connection Activity

Title of this Piece:

Description of this Piece:

What was the goal of this math activity?

How well did you accomplish this goal?

What did you learn from this activity?

How did this math activity connect to aeronautics?

What did you learn about yourself while working on this math activity?
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Student Reflection: Comparison Chart

Title of this Piece:

Description of this Piece:

Why do you think it is important to learn to make comparisons?

List the criteria you used when telling in what ways the two items were different?

Why did you pick this particular comparison chart?

What did you learn from doing this type of assignment?
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Student Reflection: Art/Music/Dramatic Piece

Title of this Piece:

Description of this Piece:

Why did you choose this particular creative piece?

What did you learn about yourself from working on this piece?

If you did this assignment over, how would you do it differently?

How does this connect to the unit on aeronautics?
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Student Reflection: My Choice

Title of this Piece:

Description of this Piece:

Tell why you chose this piece for your own personal choice.
In doing this piece what was your goal?

How well did you accomplish your goal?

If you could do this assignment over, how would it be different?

What score do you think this work deserves? Why?
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Self-Evaluation

Self-Evaluations provide the instructor with unique information about how each student
perceives his or her work. Encouraging students to be reflective learners makes them
more a part of their own learning process. It also gives the teacher an insight into
attitudes the student has regarding science, learning and him/herself.

Included in this section are two self-evaluation forms. One is to be used specifically with
the experiments which use the scientific method, while the other could be used after
any aeronautics activity.
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Experiment Assessment

Directions: Rate yourself and your work. On a scale of one (low) to ten (high), tell

how well did you do on each part of this experiment.

Name of Experiment:

A) Hypothesis

Was not a good question
because it did not deal with
experiment.

My question did not
completely cover
the experiment.

| had a good question
that covered what the
experiment did.

10

B) Procedure

| left out a lot | only included about I included all the steps
of steps. half of the steps. needed to do the
experiment.
1 5 10
C) Materials
| left out most of | had included about | had all the things
what was needed. half the things needed. needed to do the
experiment.
5 10

D) Observation

| did not pay much attention
the experiment and hardly
wrote down anything.

| watched my experiment
only half of the time and
wrote down a few things.

| followed the exper- to
iment closely and wrote
everything | saw.

10

E) Making Connections

| did not understand what
this had to do with flight.

| did understand
how some parts
explained flight.

5

| made more than one
connection to flight.

10
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Activity Assessment

Directions: Rate yourself and your work. On a scale of one (low) to ten (high), tell
how well did you do on each part of this activity.

Name of Activity:

A) Following Directions

| skipped around a lot because | | closely followed the directions
did not follow directions. and did the steps in proper order.

B) Using Time Wisely
| wasted a lot of time. | stayed on task the whole time.

C) Recording Observations/Information

| did not write much. | wrote a lot and included everything
| observed.

1 5 10

D) Working Well With Others
| got along only part of the time. | got along most of the time.

E) Discussing ldeas/Results with Others

| did not add much to the discussion. | contributed lots of ideas to the
discussion.

F) List two things you learned about flight from this activity.
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For those teachers who still have a place in their curriculum for traditional assessments,
you will find included in this subsection the location for content quizzes and worksheets
as well as a cumulative Aeronautics Final Test.

Section 2 of the Science of Flight unit is divided into six aeronautical content areas. Each
content area contains a knowledge-level worksheet as well as a knowledge-level quiz.
The worksheets could be utilized for review of the content covered in the student
reading, with the quiz being used to assess the retention of the content covered at a
later time.These forms of traditional assessment are not found in this section, but can be
found on the pages given in the listing below.

Introduction to Aeronautics

Student WOIKSNEET.........oov oo 120
QUICK QUIZ ...t 122
The Scientific Method
Student WOIKSNEET.........ooveeeeeeeeeeeeeeeeeeeeeee e 141
QUICK QUIZ ... 143
Fundamentals of Aeronautics
Student WOIKSNEET.........oov oo 161
QUICK QUIZ ... 175
Wings
Student WOIKSNEETS. .......coveeeeeeeeeeeeeeeeeeeeee e, 193
QUICK QUIZ ... 207
Airplane Control
Student Worksheets
Airplane Parts and Motions.............cccec..... 232
Airplane Control........c..ccccoovvvivicinnieicnnn, 234
QUICK QUIZ ... 255
Tools of Aeronautics
Student WOIKSNEET.........cov et 273
QUICK QUIZ ... 284

This Traditional Assessment section includes a cumulative or final test. It is comprised of
a standard mix of true/false, multiple choice and short answer questions.
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Traditional Assessment

Aeronautics Final Test

Directions: Read each sentence below and tell whether the statement is true or false
by placing a“T”” or an“F” in the blank. Each question is worth point(s).

1. The Wright Brothers made the first powered flight.

2. The Space Shuttle is actually like a large glider.

3. Chuck Yeager “broke the sound barrier” in 1947,

4. Gravity has no effect on whether an airplane flies or not.
5. The curved shape of a wing is not important to lift.

6. The pressure above the wing is lower than the pressure below the wing
when an airplane is flying.

7. Aerodynamics is the study of gravity.
8. A force is only a push.
9. Subsonic speed means moving slower than the speed of sound.

10. Airfoils have camber.
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Aeronautics Final Test (continued)

Directions: Choose the best answer for each question below and write the letter of
that answer in the blank. Each question is worth point(s).

___11. What is the force opposite to lift?
A) weight B) thrust C) drag
12. What is the force opposite to thrust?
A) lift B) weight C) drag
13. Someone who operates an airship is called a(n)
A) aeronaut B) cosmonaut C) astronaut

14. This scientist described what happened to water pressure when water flowed
faster or slower.

A) Newton B) Bernoulli C) Lindbergh
15. Being able to move from one to five times the speed of sound is called .
A) subsonic B) transonic C) supersonic
16. The speed or quickness of motion is called .
A) stability B) velocity C) vertical
17. Another word for a wing’s shape is .
A) rudder B) propeller C) airfoll

18. The measure of force that is created by the weight of air pressing down on
the Earth’s surface is called :

A) gravity B) air pressure C) aileron
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Aeronautics Final Test (continued)
19. Which one of the answers below does not make thrust for an airplane?
A) jet engine B) propeller C) elevator
20. Which airplane listed below has two sets of wings?

A) monoplane B) biplane C) airship

Directions: Answer each question completely. Each question is worth points.

21. List the 6 steps used in the Scientific Method.

22. Explain how an airplane generates lift.
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Aeronautics Final Test (continued)

23. Name two of the four tools of aeronautics. Write a one sentence description

telling what each is used for.

1.

24. Complete the chart below that tells about an airplane’s rotational motions and
control surfaces. Each box is worth point(s).

How a Plane Moves

Rotational Motion

Control Surfaces
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Aeronautics Final Test - Key

1. true 6. true 11. A 16. B
2. true 7. false 12. C 17. C
3. true 8. false 13. A 18. B
4. false 9. true 14. B 19. C
5. false 10. true 15. C 20. B
21. 1. state the problem (question)

2. form your hypothesis (prediction)

3. design an experiment (materials and procedure)

4. do the experiment (observe and record data)

5. organize and analyze data

6. draw conclusions

22.  The following points should be found within the answers:
* Thrust for speed produced by engines or propellers.
 Wings at an angle to the relative wind.
» Airflow is faster over top and slower underneath which creates low air pressure area
above the wing and high air pressure area below the wing.
» Perhaps a nod to Bernoulli and his principle regarding air pressure and air flow speed.

23. 1. computation

2. wind tunnels

3. simulation

4. test flight

Computers are programmed with airplane design specifications and
are “flown” in the computer. The computer tests the design for its
aerodynamic features.

A model of a new wing or airplane design is placed inside the tunnel
and air is blown around it. Engineers check for the effects of lift
and drag. They check to see if the model is aerodynamically sound.

A simulator's computer is programmed with an airplane’s design
specifications. A pilot then “flies” the simulator and gives feedback
on how it handles.

A prototype is made of a new aircraft design and is actually flown
by a pilot who then gives feedback on how it flies.
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24, How a Plane Moves
Rotational Motion Control Surfaces
yaw rudder
pitch elevators
roll aileron
25. 1. drag resists the forward movement of the airplane
2. lift lifts the airplane in a direction perpendicular to the direction of
thrust
3. thrust gives it speed to move forward
4. weight pulls the airplane towards Earth or in the direction opposite lift.
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